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(54) TETRAFLUOROETHYLENE POLYMERS 



(71) We, IMPERIAL CHEMICAL 
INDUSTRIES LIMITED, of Imperial 
ChemiCTl House, Millbank, London, S.W.I, 
a British Company, do hereby declare the 
5 invention, for which we pray that a patent 
may be granted to ns, and the method by 
which it is to be performed, to be particularly 
described in and by the following state- 
ment: — 

10 This invention relates to tetrafluoroethylene 
polymers and in particular to the modification 
of certain types of tetrafluoroethylene homo- 
polymers or copolymers of tetrafluoroethylene 
with up to 10% by weight of a comonomer 

15 such as ethylene or hexafluorqpropylene. For 
convenience sudi tetrafluoroethylene poly- 
mers and copolymers will be referred to here- 
inafter as PTFE. 

PTFE is well known for its low friction 
20 properties and an increasing use of PTFE 
• is as a dry lubricant powder for example in 
textile machinery. Sudi powders are also of 
use as lubricating or nucleating fillers for 
thermoplastics sudi as polyamides and poly- 
25 propylene. 

Heretofore suitable lubricant powders have 
been made by thermal degradation of PTFE, 
for example by heating in air, or in the pre- 
sence of a degradation accelerator, at a tem- 

30 peraturc of the order of 500— 600'C. Such 
thermally degraded PTFE powders may be 
comminuted, for example by milling, to a 
relatively small particle size but for some 
applications it would be desirable to decrease 

35 the size still further. Thus thermally degraded 
powders may be milled to a number average 
particle size of not less than 5 fim as mea- 
sured optically. (The other well established 
techm'que of measurement of particle size 

40 of PTFE powders, namely the air perme- 
ability method, gives falsely , low values for 
such thermally degraded powders and so 
partcle sizes specified herein are median 
number average particle sizes obtained by 

45 optical methods). 

We have found that dry lubricant powders 
of finer particle size may conveniently be 



made by comminuation of certain types of 
PTFE after they have been irradiated. 

According to one aspect of the invention 50 
we provide a process of converting a tetra- 
fluoroethylene polymer into a form that is 
capable of being comminuted to a median 
number average particle size of less than 5 
fim as measured optically which comprises 55 
subjecting an imsintered coagulated disper- 
sion grade of a tetrafluoroethylene polymer 
selected from homopolymers of tetrafluoro- 
ethylene and copolymers of tetrafluoroethy- 
lene with up to 10% by weight based on the 60 
weight of tiie copolymer, of an ethylenically 
unsaturated comonomer, in powder form to 
y-radiation until it has received a dose of at 
least 2 M Rads. The dose may be from 2 to 
20 M Rads and the process may be con- 65 
ducted with the polymer initially at ambient 
temperature and in such a way that thermal 
degradation of the polymer is minimised 

According to anodier aspect of the inven- 
tion we provide a process for the manufacture 70 
of a finely divided tetrafluoroethylene poly- 
mer comprisiug subjecting an unsintcred co- 
agulated dispersion grade of a tetrafluoro- 
ethylene polymer as defined above to y-radia- 
tion as aix>ve set out and then comminuting 75 
the irradiated powder. 

By the term "coagulated dispersion grade 
of a tetrafluoroethylene polymer" we mean 
those grades of PTFE obtained by the coagu- 
lation of an aqueous dispersion of PTFE 80 
made by the polymerisation of tetrafluoro- 
ethylene, optionally together with one or more 
comonomers, dispersed in an aqueous medium 
with the aid of an emulsifying agent which 
is generally highly fluorinated. The produc- 85 
tion of sudi PTFE dispersions is described 
in, inter alia, British P&tcnt Spedfication 
689,400, Such coagulated dispersion poly- 
mers are well known in the art Examples of 
conmiercially available coagulated dispersion 90 
polymers are Tluon' GDI, CD4 and CD042 
sold by Imperial Chemical Industries 
Limited and "Teflon" 6 and 6C sold by E. I. 
du Pwit de Nemours and Company, Tiuon' 
and "Teflon" are trademarks. 95 
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Such coagulated dispersion polymers have EXAMPLE 2 65 

a primary partide diameter of the order of By way of comparison a quantity of a 

t).i ixhi but as commercially available are milled granular PTFE powder sold under 

, somewhat sticky powders in the form of the name 'Fluon* G163 was subjected to a 

5 aggl(mierates having a mean diameter of the dose of 5 M Rads of T^ircadiation. The resul- 
order of several hundred microns. Said tant product was a friable fairly free flowing 70 
powders are sticky in the sense that the powder with a median number average par- 
powder can be compressed into a putty- or tide size of the order of 5 — 10 ftm measured 
snowball-like material that can be broken into optically. Fine disintegration in a fluid energy 

10 fibrous lumps. Shearing coagulated dispersion mill gave a powder with a median number 

polymers in an attempt to reduce the partide average particle size which was still of the 75 

size, for example by milling the powder, order of 5 — 10 pm measured optically, 

results in sticky fibrous products. A polymer obtained by the irradiation of 

We have found that by subjecting these *Fluofi' GDI coagulated dispersion polymer 

15 coagulated dispersion grades of PTFE to gives a finer powder of Idss than 5 jxra median 
7-irradiation the polymer is converted to a number average particle size v/hen treated 80 
dry non-sticky fine friable powder that can similarly, 
easily be broken down, for example by rub- 
bing between the fingers to a number average WHAT WE CLAIM IS : — 

20 particle size of less than 5 /im. 1. A process of converting a tetrafluoro- 

In contrast to coagulated dispersion poly- ethylene polymer into a form that is capable 

mers that have not been irradiated, shearing, of being comminuted to a median number 85 

for example milling, of the irradiated poly- average particle size of less than 5 ,um as 

mer gives a^ more rounded, as opposoi to mrasured optically which comprises subject- 

25 fibrous, particle. ing an unsintered coagulated dispersion grade 

In practising the invention, after irradia- of a tetrafluoroethylene polymer selected 

tion, the polymer powder may be commi- from homopolymers of tetrafluoroethylene 90 

nuted by any suitable method, particularly and copolymers of tetrafluoroediylene with 

by milling the irradiated powder either dry up to 10% by weight, based on the weight 

30 or in dispersion in a liqmd. of the copolymer, of an ethylenically unsatur- 

The coagulated dispersion polymer may be ated comonomer, in powder form to y-radia- 

irradiated by methods well known in the tion until it has received a dose of at least 95 

art. Convenient methods indude irradiation 2 M Rads, 

by a Co^'' source or by immersing the poly- 2. A process according to claim 1 wherein 

35 mer sealed in a suitable container, for the dose is from 2 to 20 M Rads. 

example an aluminium canister, in a ^ent 3. A process according to claim 1 m which 

fuel element pond. the dose is from 2 to 20 M Rads and the 100 

The polymer powder should preferably be process is conducted with the polymer initi- 

givea a radiation dose of from 2 to 20 M ally at ambient temperature and in such a 

40 Rads, more preferably 4 to 10 M Rads. The way that thermal degradation of the polymer 

use of a higher dose would render the process is minimised. 

uneconomic. 4. A process according to claim 2 wherein 105 

The invention is illustrated by the follow- the polymer treated is a tetrafluoroethylene 

ing Examples. homopolymer, the dose is 5 M Rad and the 

process is conducted with the polymer initi- 

45 EXAMPLE 1 ■ ally at ambient temperature and in such a 

A quantity of Tluon' GDI coagulated dis- way that thermal degradation of the polymer 110 

persion PTFE powder initially at ambient is minimised. 

temperature was subjected to a dose of 5 M 5. A process according to claim 1 substan- 

Rads of y-irradiation in such a way that tiaily as herein described with reference to 

50 thermal degradation of the polymer was mini- either of the Examples. 

mised. The resultant produrt was a friable 6. A tetrafluoroethylene polymer that is 115 

fairly free flowing powder with a median capable of being comminuted to a median 

number average particle size of the order number average particle size of less tiian 5 

of 5 — 10 ^m measured optically. /on as measured optically prepared by a 

55 On fine disintegration in a light oil using process according to any one of the preced- 

bead milling or equivalent liquid dispersicm ing claims. 120 

techniques an extremely fine powder was 7. An irradiated unsintered coagulated 

obtained with a median number average par- dispersion grade of a tetrafluoroethylene poly- 

ticle size of the order of 1 — ^3 /mi measured mer sdected from homopolymers of tetra- 

60 optically. fluoroethylene and copolymers of tetrafluoro- 

A polymer obtained by a thermal degrada- ethylene with up to 10% by wdght, based on 125 

tion process treated similarly gave a product the wdght of the copolymer, of an ethyleni- 

with a median number average particle size cally unsaturated comonomer, the irradiated 

of the order of 5 — 10 /x measured optically, polymer being capable of being comminuted 
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to a median number average particle size of lene homopolymer and the dose is 5 M Rad. 30 
less than 5 am as measured opticaUy. 14. A process as claimed in any one of 

8. A polymer according to claim 7 sub- claims 10 to 13 wherein the irradiated powder 
stantially as herein described with reference is comminuted by milling it dry or m dis- 

5 to either of the Examples. persion in a liquid. 

9. A process for the manufacture of a 15. A process accordmg to claim 10 sub- 35 
finely divided tetrafluoroethylene polymer stantiaUy as hereinbefore described with 
comprising subjecting a polymer according to reference to either of the Examples. 

any one of claims 6 to 8 to a milling step in 16. A finely divided tetrafluoroethylene 

10 which it is milled either diy or in dispersi<Hi polymer made by a process according to any 

in a Uquid. one of claims 10 to 15. , j ^ 

10. A process for the manufacture of a 17. An irradiated unsmtered coasted 
finely divided tetrafluoroethylene polymer dispersion grade of a tetofluoroettiylene 
comprising subjecting an unsintered coagu- polymer in the form of finely divided par- 

15 lated diversion grade of a tetrafluoroethylene tides of which the median number average 

polymer selected from homopolymers of particle size is less than 5 ;xm as measured 45 

tetrafluoroethylene and copolymers of tetra- optically wherein the tetrafluoroethylene poly- 

fiuoroethylene with up to 10% by weigjht, mer is selected from homopolymers of tetra- 

based on the weight of the copolymer, of an fluoroethylene and copolymers of t^fluor^ 

20 ethylenicaUy unsaturated comonwner, in ethylene with up to 10% by weight, based 

powder form to y-radiation until it has on the weight of the copolymer, of an ethy- 50 

received a dose of at least 2 M Rads and then lenicaUy unsaturated comonomer. 
comminuting the irradiated powder. 18. A tetrafluoroethylme polymer accord- 

11 A process according to claim 10 where- ing to claim 17 substantially as herembefore 

25 in the dose is from 2 to 20 M Rads. described with reference to either of the 

12. A process according to claim 10 where- Examples, 55 
in the dose is from 4 to 10 M Rads. wATTPRq 

13. A process according to claim 10 where- o. i. WAJ-iiiKo, 
in the polymer treated is a tetrafluoroethy- Agent for th e Apphcants. 
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